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The FDOT Structures Design Office is encountering
more and more steel straddle bents that solve bridging
over complicated roadway alignments resulting in bent
lengths exceeding 100 feet (maximum is up to 145’*).

Multiple steel straddle caps
NW 25th Street



Should engineers be designing for a temperature 
gradient for this type of structure?
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Project Overview
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Summary



Specifications



Steel & Concrete

Steel
Concrete

Steel & Concrete

ϒTG=0.5 or 1.0 (w/o LL)



Florida

Steel Girder with Concrete Deck 

T3=NA

T1=41

T2=11A=12

t= 8 assumed

T=7



T3=NA

T1=41

T2=11A=12

t= 8

T=7

Steel Girder with Concrete Deck 



Approach 1:
Linear vertical 
difference
Approach 2: 
Non-linear vertical 
difference (Normal and 
Simplified Procedure 
for composite)



Phase 1 – Preliminary Conclusions

Unshielded
Straight line Profile

Unshielded
Straight line Profile

Shielded
Uniform Profile



Project Overview





Instrumentation Plan

• Equipment

• Sensor Layout

• Data Collection

Test Set-up

• 4 configurations in a N-S orientation

• 4 configurations in a E-W orientation

Develop Temperature Profile

• Curved and straight profiles

• Steel box & steel box partially shielded with concrete slab

Develop Numerical Analysis (FEM- LUSAS) Techniques

• Element Type

• Loading

Steel Plates Painted with Two Colors 

• Surface temperature

• Through thickness temperature 

Phase 1



Test Specimen 
shown in E-W 

orientation

Google Earth Pro



Double W33x118 –

each W is:

A=34.7

d=32 7/8”

tw = 9/16”

bf = 11 ½”

tf = ¾”

36’-4” total length, 

with stiffeners 17’-8” 

from each end

32 max (thermocouples) gages

Place a couple 
inside to evaluate 
through thickness 
temperature 
gradient

36’-4”

13’-2”

midspan

17’-7” 18’-2”

7” 

A

B

Vertical deflection
Longitudinal deflection

Bare SteelBurlap

Vertical Temperature Gradient?

8”

8”

15 per section – 30 total

=d/4

6”(-) =bf/4

4’-5”

Mid-span

D

C

E
9/11/18 Section D and E added to aid in delineating temperature 
zones for Test C and D  (E-W) 

2 spa @1’-6”



AB

Vertical deflection

7”
Mid-span

West Side East Side

N-S orientation

4’-5”



A- Bare steel

B- Shaded sides 
with burlap
Entire Length of 
girder

Four Testing Configurations: A, B, C & D

Shown in N-S Orientation



D- Shaded top with 
concrete slab

C- Shaded top with 
concrete slab 
wrapped in Burlap

Shown in N-S Orientation

Four Testing Configurations: A, B, C & D



B - Shaded sides 
with burlap
Entire Length of 
girder

N-S B
N-S B 6/12/18 8:00 AM 6/19/18 8:00 AM



N-S B
6/18/18 2:20 pm 

130 °F (W/m2) (°F) 
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7    

Chart shows 7 day testing period for top flange and 
ambient temperatures, and Solar Radiation



N-S D
8’-0”

7/13/18 2:00 pm 

130 °F (W/m2) (°F) Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

Chart shows 7 day testing period for top flange and 
ambient temperatures, and Solar Radiation



Gradient Equations

AB



N-S B

Charts show 7 day 
testing period with 
temperature gradient 
for Fixed Reference for 
all gradients (°F/in)

Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

Day 7

Section B



1

0

-0.4

N-S B

Section AMidspan Deflection, D1

1st chart shows 7 day testing period for 
midspan displacement, D1

Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

Day 7
Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

Day 7



Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

Day 7

Section B

N-S B
Charts show 7 day testing period with temperature 
gradient (°F/in) for Global and Fixed Reference 
measure from top flange to bottom flange

1

Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

Day 7
1

-0.4

0

Section A



Section B – Top Flange

Section A – Top Flange

(°F)
(W/m2) 

N-S B

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7



Section A: T1A-T6A LT Side

Section A: T10A – T15A RT Side

N-S B

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7



Section B: T1B-T6B LT Side

Section B: T10B – T15B RT Side

N-S B

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7



N-S orientation



E-W orientation



N-S B
Chart shows Temperature Sensor readings for 6/18 2:20 pm 
occurring at Midspan Deflection

Midspan Deflection, D1

2 TG profiles were developed: 1) Curved (Red), and 2) Straight (Orange)

1

2

(°F) 

6/18/18 2:20 pm 
(in) 



Structural Analysis Model using LUSAS (Longitudinal Strains)

2) Straight

1) Curved 
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N-S B



Structural Analysis Model using LUSAS (Vertical Deflection)

2) Straight

1) Curved 

Testing on 6/18 2:20 pm.
midspan displacement is:
0.094 – (-)0.079 = 0.173 (~3/16”) 

70°F was ambient/steel at early 
morning, not to be confused with 
92°F ambient temperature at 2pm.

6/18/18 2:20 pm 

N-S B



N-S D

D - Shaded top with 
concrete slab

8’-0”

N-S D 7/9/18 7:40 AM 7/16/18 8:10 AM



N-S D
8’-0”

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
(W/m2) (°F) 

7/13/18 2:00 pm 



N-S D
Charts show 7 day testing period with temperature 
gradient for Global and Fixed Reference measure 
from top flange to bottom flange

8’-0”

Day 1

Day 2

Day 3

Day 4
Day 5

Day 6

Day 7

0

-0.4

1

Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

Day 7

0

-0.4

1

Section A Section B

AB



Midspan Deflection, D1

1st chart shows 7 day testing period for 
midspan displacement, D1N-S D

8’-0”

Day 1

Day 2

Day 3

Day 4
Day 5

Day 6

Day 7

0

-0.4

1

Section B
Day 1

Day 2

Day 3

Day 4Day 5

Day 6

Day 7

D1B



Section B – Top Flange

Section A – Top Flange

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7



Section A: T1A-T6A LT Side

Section A: T10A – T15A RT Side

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7



Section B: T1B-T6B LT Side

Section B: T10B – T15B RT Side

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
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Chart shows Temperature Sensor readings for 7/13 2:00 pm 
occurring at Midspan Deflection

2 TG profiles were developed: 1) Curved (red), and 2) Straight (blue)

N-S D
8’-0”

Midspan Deflection, D1



Structural Analysis Model using LUSAS (Longitudinal Strains) N-S D
8’-0”

2) Straight

1) Curved
LUSAS – Temperature Loading



Structural Analysis Model using LUSAS (Vertical Deflection)

On 7/13/18 2:00 pm:
midspan displacement would be
= -0.04 – (-)0.12
= 0.08 (~1/16”) vs. 0.078 or 0.079 (LUSAS)

N-S D
8’-0”

2) Straight

1) Curved

73°F was ambient/steel at early 
morning, not to be confused with 
94°F ambient temperature at 2pm.

(°F) (in) 

7/13/18 2:00 pm 



Structural Analysis Model using LUSAS (stresses)N-S D
8’-0”

1) Curved



Structural Analysis Model using LUSAS (stresses)N-S D
8’-0”

2) Straight



N-S C
6/28 2:09 pm 

N-S B

N-S A-rev1

N-S C
8’-0”

N-S D
8’-0”

N-S B
6/18 2:20 pm 

N-S A
6/3 1:50 pm 

N-S D
7/13 2:00 pm 

mA = 0.6 °F/in
mB = 1.0 °F/in
mC = 0.7 °F/in
mD = 0.7 °F/in



E-W D

4- Shaded top with 
concrete slab

8’-0”E-W D 4/25/19 8:20 AM 5/1/19 4:10 PM



New Sections D & E AEDB
1’-6” 1’-6” 1’-5”

4’-5” 7”





E-W D
8’-0”

Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

Day 7



Section B – Top Flange

(W/m2) 

E-W D

Section D – Top Flange

(°F)



E-W D
8’-0”

B D E A

TF

T12

T13

T15

Distance from Midspan (ft.)
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Unshielded
Straight line Profile

Unshielded
Straight line Profile

Shielded
Uniform Profile
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The steel box can be divided into two sections:

unshielded and shielded from solar radiation with each section having a separate temperature gradient

The temperature gradient can be modeled with a straight line profile
Even though the actual temperature profile is curved, FEM analysis showed the difference in strains between the 

two profiles is insignificant

FEM Techniques
LUSAS software 

Flanges were modeled with thick beam elements (BMI21) and the web with thick shell elements (QTS4)  
The web was divided into 8 horizontal layers to allow different temperature loads

The temperature load requires an initial and a final temperature



Phase 1 – SRC

Phase 2 – FEM (LUSAS) large 
scale model  (in-progress) 

Phase 3 – Field Instrumentation 
of Existing Bridges and FEM 
Evaluation (TBD)

Phase 4
Revisions 

to SDG
SDM
460
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